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Effect of Plasma Membrane Lipid Composition on Cellular
Susceptibility to Virus-induced Cell Fusion (Accepted 27 June I972 ) ft is well known that cells differ significantly in their susceptibility to virus-induced fusion. Evidence from many reports indicates that in general cells from established cell lines are more susceptible to virus-induced fusion than are primary or secondary diploid cell strains (for review see Poste, I97oa ) . The factors that determine these differences in cellular response are poorly understood. Although the process of cell fusion requires fusion of the plasma membranes of apposed cells, the effect of the composition of the plasma membrane on cell fusion capacity has received little attention. Klenk & Choppin (I969, 197o) found significant differences in the molar ratios of cholesterol to phospholipid in the plasma membranes of a range of cell types showing different susceptibilities to fusion induced by SV5 virus. In primary rhesus monkey kidney (MK) cells and an established bovine kidney cell line (MDBK) which failed to fuse, the molar ratio of cholesterol to phospholipid was high (o. 8 x and o.75, respectively), while in two hamster cell lines, BHK 2 I-F and HaK, with a high fusion capacity, lower ratios (o.68 and o'5I, respectively) were found. In a parallel study on these cells, Holmes, Klenk & Choppin (I969) found that cells with a high cholesterol to phospholipid ratio were also more resistant to osmotic shock, mechanical stress and immune cytolysis. On the basis of these observations Klenk & Choppin (I97o) and Choppin et al. (1972) suggested that MK and MDBK cells were resistant to virus-induced cell fusion because of the high ratio of cholesterol to phospholipid in their plasma membranes which imparted structural stability and rigidity to the membrane (Van Deenan et al. I962) . We have examined the influence of the plasma membrane cholesterol to phospholipid ratio on the susceptibility to fusion by several viruses of a range of cell types, including MK and MDBK cells. We have not confirmed the proposed correlation between high membrane cholesterol to phospholipid ratios (> o'7) and reduced cell fusion capacities.
The origin and properties of the MACROPLAQUE strain of herpes simplex virus (HSV), the LONG strain of respiratory syncytial virus (RSV), the EDMONSTON strain of measles virus, the BRtSTOL strain of bovine herpes mammillitis virus (BHMV), the SF4 strain of bovine parainfluenza-3 virus (P1-3) and the HERTS and TEXAS strains of Newcastle disease virus (NDV) have been described (Poste, I97ob, I97I, Reeve & Poste, I971; Reeve et al. 197I) . Sendal virus (strain M34996) was obtained from Dr H. Pereira, National Institute for Medical Research, Mill Hill, London, and SV5 virus (WELLCOME strain) from Mr J. Prydie, Burroughs Wellcome, Beckenham, Kent.
Cultures of primary chick embryo (CE) and rhesus monkey kidney (MK) cells, and of established HeLa (BRISTOL strain), L 929 and MDBK cells, were grown in Eagle's Basal Medium supplemented with calf serum at 1o ~ for growth and at 4 ~ for maintenance. Cultures of BHK2I-Ct3 cells were cultivated in reinforced Eagle's medium (Dulbecco modification) supplemented with IO ~ foetal :calf serum. Fresh human group O erythrocytes were prepared as described previously (Apostolov & Almeida, I972) . The methods for the isolation, lipid analysis and determination of the molar ratios of cholesterol to phospholipid in purified plasma membrane preparations are summarized in Table L To assess the susceptibility of different cell types to fusion by infective virus, monolayer coverslip cultures were infected with the viruses, as described previously (Poste, I97ob, 1971 ; Reeve & Poste, i97I ; Reeve et al. I97I ) . The capacities of u.v. inactivated Sendai virus or NDV (strain HZRTS) to fuse the different cell types were assessed on similar monolayer coverslip cell cultures treated with o'5 ml. Sendai virus (8ooo H.A.U./ml) or NDV (2000 EIDs0/cell) using the methods described elsewhere (Poste & Reeve, 1971; Poste et al. I972) .
The extent of cell fusion induced by the virus strains, expressed as the percentage polykaryocytosis, was estimated by counting the number of nuclei present in polykaryocytes and expressing this as a percentage of the total number of nuclei present in the same microscope field (Reeve & Poste, I97I ) . The percentage polykaryocytosis was estimated 16, I8, 20, 24, 48, 48 and 56 h after infection with infective strains of NDV, SV5, BHMV, HSV, PI-3 virus, measles virus or RSV, respectively. The extent of fusion induced by u.v. inactivated Sendal virus or NDV was assessed 3 h after virus treatment. Fusion of human erythrocytes by Sendai virus or NDV was estimated 5 rain after infection by phasecontrast and electron microscopy (Apostolov & Almeida, 1972 ) .
If the proposed correlation between cellular resistance to virus-induced cell fusion and a high (> o'7) membrane cholesterol to phospholipid ratio is valid, then it may be anticipated that MDBK, human erythrocytes, MK and HeLa cells would show little or no tendency to fuse (see Table I ).
However, the results (Tables 2, 3) indicate that all of the cell types examined were susceptible to fusion. In particular, the MDBK and MK cells found by Holmes & Choppin (1966) and Klenk & Choppin (I97O) to be highly resistant to fusion by SV5 virus were susceptible to fusion by both infective and inactivated strains of other viruses. These differences may reflect variations between laboratories in the virus and cell strains used. The present results indicate, however, that the susceptibility of different cell types to virus-induced cell fusion is not simply related to the ratio of cholesterol to phospholipid in the plasma membrane of the cell. This is not surprising in view of the fact that mitochondrial membrane systems have a very low (< o'13) cholesterol to phospholipid ratio (Pascaud, Auliac & Pascaud, 1968; Suzuki, Mitropoulos & Myant, I969; Kleinig, I97O) yet rarely, if ever, fuse. Membranes of the lysosomal complex and endoplasmic reticulum are highly susceptible to fusion yet have significantly higher cholesterol to phospholipid ratios (Dingle, 1969; Renkonen et al. 1972 ) .
It is likely that quantitative and qualitative variation in the composition of different There is an urgent need for detailed studies of changes in membrane composition and structure during fusion. Unfortunately, these aims are presently frustrated by difficulties in obtaining large amounts of purified membrane, by the rapidity of the fusion process, by its localization to a limited segment of the membrane and by the background biochemical alteration of the cell created by lytic virus infection.
